
REPOT DCUM NTATON AGEForm ApprovedREPOR DOCMENTTIONPAGE0OMB No. 0704-0188

The Publi Mtporfing t-adent W ffto oWOttMo of lrftmastlon i ealirmfted to avarage I hour poo rewionse. idudini Io am0 for OavleI*q ltrucfi,v,. s-rcirft~ 0.ft data _o6Co. a.ooZoo; Wo
-laitnni;t 0t. deft rosded, aod COWVtt aod revtewing ft oolWAD of ird-fimotot Sand owuloards regoirg Ott lairden searrtor m osi sptotoot of Mtt caecilon ol idotttloo odon to-%

susti-so tor moduckV te bod. to t.e D.Parotirn& elense,t Executive Servire Direoirstle (0704-l8ay~ Responderft Wtt-ld bt. .oo OWo -Wflula4t.tot aoy a-to MootiUof lOaw.,o
pat,ot SttW be sutjed ft,aMy p.ooats for ta#tq to onptyonw4h a oDelont of Inorlottnt N t do.s tot display a ourrarify Coild 054B otod nwqw.o
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION.
1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)

20-03-2008 Final INov 01 - Mar 07
4. TITLE AND SUBTITLE Sa. CONTRACT NUMBER
Optical Imaging of the Nearshore

5b. GRANT NUMBER
N00014-02-1-01l54

Sc. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) Sd. PROJECT NUMBER
Holman, Robert A.

5o. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
College of Oceanic and Atmospheric Sciences, REPORT NUMBER
Oregon State University
104 Ocean Admnin Bldg
Corvallis, Oregon, USA 9733 1-5503
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORIMONITOR'S ACRONYM(S)
Office of Naval ResearchON
One Liberty Center
875 North Randolph Street, Suite 14251.SPN RNI[T 'SEOT
Arlington, VA 22203-1995 NUMBER(S)

12. DISTRIBUTIONJAVAILABIL17Y STATEMENT

13. SUPPLEMENTARY NOTES

14. ABSTRACT
This grant supported a variety of studies in the area of littoral processes typically as revealed by the optical remote sensing data of the Argus,
Program. One principle theme was the development of algorithms for estimating relevant geophysical variables ouch as longshore currents and
wave directional spectra from ground-based optical cameras. The second theme was the study of observed nearshore physics. Much of the latter
work focused on the morpho-dynamics of nearshore sand bars or foreshore morphological features. Like many nearshore phenomena, the
dynamics of nearshore sand bars is dominated by strong feedbacks, with bars both causing and being caused by wave breaking, Weaknesses in our
ability to characterize and understand such feedback systems are the single largest limitation in our current predictive capabilities.

Details of progress and publications were reported each year in the ONR annual reports and with the exception of the report from the final year, are
not duplicated here.

15. SUBJECT TERMS
littoral processes, optical remote sensing, neausbore dynamics

18. SECURITY CLASSIFICATION OF: 117.UMTTOO 18. NMBEWT19a. NAME OF RESPONSIBLE PERSON
&.REPORT lb. ABSTRACTIc. THIS PAGEI AZSTRACT OF IRob Hohman

PAGES
UU 19b. TELEPHONE NUMBER (includeor a rdeO)

1-541-737-2914

Standard Fono 8 (Rev. 8/98)
proa.M b M lS sid' z3s' '

Ad,A. PW ... itnal 7.0

1 ST rrA19UT 10N STATE D,1E 71 JA
Approved for Public RA

Distribution Unlhri:& -d



Optical Imaging of the Nearshore

Rob Holman

COAS-OSU
104 Ocean Admin Bldg

Corvallis, OR 97331-5503
phone: (541) 737-2914 fax: (541) 737-2064 email: holman@coas.oregonstate.edu

Award #: N00014-07-1-0490
http://cil-www.coas.ore2onstate.edu:8080

LONG-TERM GOAL

The long-term goal of nearshore processes research has been to develop a predictive
understanding of the fluid dynamics of a random wave field shoaling over the
complicated bathymetry of a natural beach, and the response of the beach to those
overlying wave and current motions. Success requires advances in our understanding of
nearshore physics, improvement in our capabilities for numerical modeling, and
development and testing of methods for the rapid collection of the data required for
model initial and boundary conditions and for data assimilation.

OBJECTIVES

Our program continues to follow three primary themes: a) studies of nearshore fluid
dynamics, b) studies of the morphodynamic variability of the nearshore fluid-sediment
system at longer time scales, and c) development of new or better data collection methods
and methods to integrate these remotely sensed data with numerical models. Our
program is strong in all phases, but somewhat unique in our focus on remote sensing
methods for data collection in the nearshore. It is increasingly apparent that our future
predictive capability is more limited by the availability of input data (the data starvation
problem) than by weaknesses in our understanding of the physics or in our modeling
know-how.

APPROACH

The primary sampling method used by the Coastal Imaging Lab has been optical remote
sensing from land-based camera systems called Argus Stations. Developed in the Coastal
Imaging Lab over several decades to serve a variety of research needs, the Argus
Program has become a standard tool for nearshore research and coastal zone
management. This year saw the culmination of this transition to global acceptance with
the publication of a special issue of Coastal Engineering describing the results of
CoastView, a three-year European Union program specifically addressing the application
of Argus research-based methods to Coastal Zone Management problems in four
countries, England, The Netherlands, Italy and Spain [Davidson, et al., 2007]. The
resulting volume included papers on the history and capabilities of Argus [Holman and
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Stanley, 2007], on the physics of daily to monthly coastal evolution [Smit, et al., 2007],
and on the application of Argus to a variety of Coastal Zone Management problems
[Kroon, et al., 2007]. Argus algorithms and methods also have potential applicability to
overhead sampling from piloted and, interestingly, unmanned aircraft. With the recent
proliferation of small UAVs for intelligence collection in defense-related applications, it
is natural to determine the potential obstacles to the use of sophisticated quantitative
applications from these platforms. Work with NATO colleagues using the Raven, a
standard operational platform, found the imagery was of good quality but that navigation
sensors were better suited to system flight control than imagery analysis, forcing the use
of co-registration to a ground map such as a satellite image for adequate geometric
control [Pennucci, et al., 2007].

WORK COMPLETED

In his recently completed PhD thesis work, Chris Chickadel describes several important
developments in Argus-based optical remote sampling. A 14-month study of the
applicability of IDH models on natural beaches was completed, finding that 71% of 218
runs were objectively classified as being alongshore variable, a result that conflicted with
several previous studies based on in-situ array data (and thereby complicating the review
process). This problem bears strongly on the future of Navy prediction systems as well
as those of civilian observing systems since 2DH models are more complicated to
implement and have substantially greater input data needs than their 1DH counterparts.

An optical method for estimation of wave directional spectral shape has been developed
and tested using NCEX data. This method was then applied to estimation of refraction
maps for waves over the entire NCEX area (e.g. Figure 1). Dense maps of peak wave
direction in each of a suite of frequency bands are very useful for understanding the role
of complex offshore bathymetry like the local submarine canyons to wave propagation
and to nearshore circulation patterns forced by detailed refractive processes.

Over the past year we have focused on potential applications of optical polarimetry for
making innovative nearshore measurements. Polarimetric imagery is more complex than
traditional electro-optical sensing, since it involves arithmetic combinations of three
separate images, each of which must be accurately co-registered and calibrated. We have
now worked out error sensitivities and optimal filter orientations and are in the process of
improving our camera gain models and calibration processes to a level required for
extraction of accurate degree and azimuth of polarization measurements. Analysis
methods are being developed for mapping the full two-dimensional surface wave field
and the foreshore slope. Initial tests also show that polarization can be a good proxy for
water content of sands and muds.

We continue to work on the problem of nearshore morphodynamics, the processes of
pattern formation involving nonlinear coupling between bathymetry and overlying fluid
motions. These processes drive bathymetric variability at a wide range of scales and
generally can be characterized as nonlinear dynamic systems, with behavior we are only
beginning to learn to describe. A recent joint paper with Plant [Plant, et al., 2006]



modeled the complex behavior of nearshore sand bars in terms of two coupled partial
differential equations whose coupled interactions can be analyzed in terms of an
eigenvector decomposition of the coupling coefficient matrix. We are now extending the
short sample record from that paper to longer time series and multiple beaches. A second
paper has now been published describing of wave orbital ripples, also the result of fluid-
bathymetry interactions, but on a much smaller scale [Becker, et al., 2007].
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Figure 1. Peak wave direction maps from the NCEX experiment for three
frequency bands, f = {0.172, 0.125 and a band average result from 0.078-0.062 Hz}.
Lower frequency are more strongly affected by the canyon bathymetry so will be
more important in driving nearshore patterns of circulation. Circles indicate in-situ
instrument locations. Optical measurements clearly supplement the in-situ
sampling density.

IMPACT/APPLICATION

Argus has an ever-widening impact on the world's community of nearshore researchers.
Beyond the many publications listed here (directly linked to CIL efforts), there are many
research efforts not reported that arise from the approximately 25 non-CIL Argus
stations. The most recent Argus user group meeting in the summer of 2007 was attended
by 40 scientists, including 27 visitors.

Optical remote sensing is an obvious solution to the large data needs to nearshore

observing systems.

TRANSITIONS

Argus technology or spin-offs have been at the heart of many current Navy research
efforts into practical optical remote sensing. This has included the VISSER program by



Dr. Todd Holland at NRL-SSC and connections through previous LRS efforts and
follow-ons. Recently this work has expanded to explore the applicability of Argus
methods to moving platforms such as small UAVs. This work is collaborative with
NRL-SSC as well as the NATO Forward Eyes program run by Dan Conley. We continue
collaboration with the U.S. Army Corps of Engineers both through Bill Curtis at
Vicksburg and through the FRF on a variety of Argus issues and with the USGS in both
research and applications-based work. Argus was the focus of the recently completed
CoastView European Union program featuring the integration of Argus into standard
Coastal Zone Management practice. Argus has been transitioned to commercial
availability through transition agreements between OSU and Northwest Research
Associates (for North America) and Delift Hydraulics (for the rest of the world).

RELATED PROJECTS

I - Joint work with Dr. Todd Holland, NRL-SSC
2 - Collaboration with the WSC at Navoceano on nearshore remote sensing
3 - LRS follow-on efforts, particularly UAV development
4 - EU CoastView Program (2002 - 2005)
5 - Numerous collaborations with the Field Research Facility
6 - Three month sabbatical at the NATO research center in La Spezia (09-12/06)
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